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1. Introduction 

Seaweed (Eucheumadenticulatum and Kappaphycus alvarezii) farming in coastal areas I ikeZanzibar has become 
the solitary income source to many women and fishermen whose main income was obtained from capture 
fishery, which has now experienced a dwindling decline. Seaweed farming was introduced in Zanzibar 
about two decades ago as a research trial. Following its astonishing growth performance, many coastal 
communities got involved i nto the busi ness (Hayashi etal., 2010). Now ad ays seaweed farming is practiced in 
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Abstract 

Mariculture has recently been adopted in many parts of coastal East Africa as a 
source of income and employment to many women and heartbroken fishermen 
who are the main victim of dwindling wild stock of aquatic resources. The sea 
cucumber ( Holothuria scabra ) has for long time been collected and sold as export 
marine product. Macroalgae ( Eucheuma denticuiatum and Kappaphycus alvarezii ) 
are the common cultured seaweed species that provide hope for future increase 
in mariculture production. An experiment was conducted along the intertidal 
lagoon of Unguja Ukuu village in Zanzibar to assess the survival and growth 
performance of sea cucumber (H. scabra) in two separate pens under 
co-cultured systems with E. denticuiatum and K. alvarezii. Juvenile sea cucumber 
H. scabra with mean weight (±se) of 67.18 ±2.06 were integrated with the two 
common commercial seaweed in pen system for 10 weeks. The results revealed 
that the growth rate and survival of H. scabra, E. denticuiatum and K. alvarezii were 
better under integration system. The growth of H. scabra was higher (1.038 g d' 1 ) 
in pen systems co-cultured with K. alvarezii compared to 0.898 gd 1 in pen systems 
co-culture with E. denticuiatum. Survival rate of H. scabra was higher (76%) in the 
pen systems co-cultured with E. denticuiatum compared to that (70%) observed in 
pen systems co-cultured with K. alvarezii. The results suggest that the best 
integration of sea cucumber and macroalgae is between H. scabra and K. alvarezii. 
However, rel iable source of H. scatvajuvenileisessential forthefutureexpansion 
of pen co-culture system. 
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every vi 11 age along the coast of Zanzibar I si and and morethan 170 hectares are used adjacentto every farming 
vi 11 age ( = rockl in eta/., 2012). In Zanzibar two speciesE. denticu latum and K. alvarezii arecommonly cultured. 
Though seaweed farming is given high priority by coastal people in Zanzibar, farming activities are still of 
small-scale and many farming sites arelocated close to theshorewithin intertidal lagoons. Recently, seaweed 
farming under small-scalefarming system has been reported to face a number of challenges, specifically low 
production and poor quality of the product (Hayashi etal., 2010). Low pricedueto poor product quality as a 
result of poor farming technology puts farmers' expectations from this business into delusion (Msuya etal., 
2014). Beside several setbacks that seaweed farming business is experiencing in Zanzibar, still this small 
island is the leading seaweed producer in the region (Msuya, 2002) and contributes 5% of the global seaweed 
supply (FAO, 2010). 

Recently changes in local climate have been observed in Zanzibar and the devastation from these changes 
inglobal cl i mate threatens the growth of seaweed (Bryceson, 2002). Another challenge that has recently been 
observed isthat, increase in seaweed farming activities has resulted into competition for land use along the 
intertidal area where almost all other mariculture, fishing and tourism activities are taking pi ace ( Bryceson, 

2002) .Thisthreatensthefutureexpansion of the business. Considering thevalueof seaweed farming to local 
community in Zanzibar, new farming inventions and technologies that will not only improveproduction, but 
also increase farmers income to pay off their labor and time they spend in the water is needed. In the last 
decade, integration of seaweed with marine fish or shellfish has been practiced and studied in many parts of 
the world (Troell etal., 2003). Recently there been several trials to test the validity of this system in Tanzania 
(Davis et a/., 2011; and Beltran, 2014). 

A part from seaweed farmi ng, for about a century, there has been an acti vesea cucumber fishery w ithi n the 
East African coast and along Western Indian Ocean region (M uthiga, 2010). Tanzania, includi ng Zanzibar, is 
involved fully into this history of collecting sea cucumberfor production of Beche-der-mer to feed theAsi an dry 
seafood market (Eriksson eta/., 2012). Increasing demand of this precious product in the Asian market and 
drasticdeclinein the wild capturedueto over exploitation have raised an ecological and economical attention 
to many coastal venders. In recent year, efforts for sea cucumber farming along the region have been made 
(Eriksson et al„ 2012). Sea cucumber farming has recently been adopted and considered as an important 
mariculturecomponent along the East African coastal region, especially in Tanzania (Bryceson, 2002). Sand 
fish H olothuria scabra has proved to be the best farmed species as it has ability to sustai n the rough cond iti on of 
intertidal area and shallow lagoon (Giraspy and Walsalam, 2010). Farming of sea cucumber in Tanzania is 
going together with other old mariculturepracticesof finfish and seaweed farming (Eriksson etal., 2012). 

Sea cucumber farming isconsidered as an economically viable business. However, in recent years sea 
cucumber production has become so complex and for several decades now, many coastal countries and the 
world at large have been struggling for appropriate production systems to sustain production (FAO, 2014). 
The challenges to sustai nablesea cucumber production havebeen linked tothetechnology and commercial 
point of view. Although technology and system for sea cucumber production havefor several decades been 
invented, most farmers have not adopted the imp rove reliablefarming technology/ system (Shopin etal., 2001). 
When searching for the best approaches for modern and profitable sea cucumber farming system and the 
mitigation of farming impactstotheenvironment, two main practical approaches areconsidered positively, 
farming indoor using biological water purification or integrating farming system. 

Integrated Multi-TrophicAquaculture(IMTA) isconsidered as a suitable and profitable mariculturesystem 
(Purcell etal., 2006). IMTA has proved to be the best method for integration of sea cucumber farming and it 
maxi mizes space utilization. IMTA system is becoming increasingly popular and it has been adopted by many 
coastal farmers as the system guarantee d ou bl e harvest and occu py a very little area, hence, red uces competi ti on 
between aquaculture and other form of coastal economic activities (Chopin etal., 2001). There are several 
published successful IMTA trials around the globe which proves its potential for economic profitability and 
environmental solution over monoculturesystem(Buschmann etal., 2008; Chopin eta/., 2001; and Troell etal., 

2003) . 

Integration of sea cucumber ( H. scabra) and seaweed farming isdesirablebecauseseacucumbersaredeposit 
benthicfeedersand seaweed is autotrophic macroalgae that can filter nutrients and creates nutrient balance 
around cultured area (Slater and Carton, 2009). Thus, there is every reason that, integration of these two 
species is a viableoption and can benefit both thefarmi ng envi ronment and farmers. Sea cucumbers provide 
relief to the farmers as the animalsdepend on the organic matter, hence, reduce the cost of production by 50% 
(Slater and Carton, 2009). On the other hand, seaweeds utilize nutrients from thesea cucumber whilethemselves 


M uumin I. Hamad et al. / Afr.J.Bio.Sc. 1(4) (2019) 32-41 


Page 34 of 41 


createshading and nutrient settlement to sea cucumber. IMTA of the two species of seaweed (K. alvarezii andE. 
denticulatum) and sea cucumber in a pen isan important route for increasing production and can be adopted 
as an alternatives farming method for rapid and sustainableaquaculturedevelopment in the coastal areas of 
Tanzania. The present study intended to investigate the implications associated with biology and ecological 
aspects of co-cultured seaweed ( K. alvarezii and E. denticulatum) and sea cucumber (H. Scabra) under pen 
farming system. The mainobjectivewas to assess thesurvival and growth performanceof the sea cucumber 
and that of the two species of cultured macroalgae (K. alvarezii and E. denticulatum)) when they are integrated 
with sea cucumber in the intertidal shallow water lagoon. 

2. M aterials and methods 

2.1. Study area 

The experiment was conducted in the southern part of Unguja Island, Zanzibar in the intertidal water of 
U nguja U ku u vi 11 age w hi ch i s I ocated about 25 km from Zanzi bar tow n (Fi gu re 1). The area i s w el I -know n for 
seaweed farming and collection of sea cucumber. Another advantagefor this study site isthat the area is under 
management of the M enai bay conservation area and has got favorableclimaticconditionsfor seaweed and 
sea cucumber farming. 



Figure 1: M ap of Zanzibar Island,Tanzania showing study site 

2.2. Experimental setup 

A total of 18 pens, each with a sizeof 2 m xl m, were installed using net material with mesh sizeof 0.25cm 
supported by wooden sticks. Pens were kept open at the surface to allow water circulation and at the bottom 
surface to allow cultured animal to utilize the bottom sediments. The experimental pens were installed at 
500 m from the shore, the area where water level was about 0.75 m deep duri ng low tide. 

2.3. M acroalgae collection 

Seaweed (E. denticulatum and K. alvarezii) were purchased from local farmers. Thespecies were identified 
using identification manual of common cultured macroalgae. The macroalgae were purchased and stocked 
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not very far from the experimental area and all procedureswerefollowed to prevent itfrom desiccation. For 
thi s experi ment 25 kg of each sped es of seaw eed w as pu rchased, fol I ow ed by w ei gh i ng and cutti ng them i nto 
frond of 100 g and stocked i n pens. 

2.4. Sea cucumber col lection 

A total of 180 individuals of live sea cucumber H. scabra (Purcell et a/., 2012) medium-sized with average 
weight of 67.18 ±2.06 SE were purchased from foot fishers and gleaners. The sea cucumber were then stored 
in aplastic bucket containing seawater, beforeand during measurement. The water in the bucket was exchanged 
regularlytoensurethattheanimalsweresupplied with oxygenated water to avoid stress. After measurement, 
theanimalswerestocked in one of the constructed pen and leftforthreedaysfor acclimatization beforethey 
were put intheexperi mental pens. 

2.5. Experimental design 

A 2x3factorial experimental layout was ad opted. Pensweredivided into twogroupsof nine pens per group. 
Thefirstgroup had E. denticulatum co-cultured with H. scabra whilethesecond group had Kappaphysusalvarezii 
co-cultured with H . scabra. Three treatments replicated three times weresetfor each group and off bottom tie- 
tie method was used for seaweed farming in the experi mental pens. The treatments were seaweed farming 
without sea cucumber, seaweed farmi ng with sea cucumber and sea cucumber farmi ng without seaweed. I n 
thefi rst grou p, three pens w ere stocked w i th seaw eed E. den ticul atum at an average w ei ght of 300 g per I i ne and 
fi ve I i nes were i nstal led per pen maki ng a total of 1,500 g w ithout i ntrod uci ng sea cucumber i nsi de the pens. 
Other three pens were stocked with seaweed weighing 1,500 g and were also stocked together with sea 
cucumber H . scabra at a density of five individuals/ m 2 . The last three pens werestocked with sea cucumber 
(H. scabra ) only at a stocking density of five individuals/ m 2 without seaweeds. 

Inthe second group, three pens werestocked with seaweed Kappaphycusalvarezii at an average weight of 
300g per I i ne and five I i nes per pen maki ng a total of 1,500 g of seaw eed per pen w ithout sea cucu mber. Other 
three pens were stocked with seaw eedsweighing l,500gand were also stocked together with sea cucumber 
(H. scabra) at astocking density of five individuals/ m 2 . The last three pens were stocked with sea cucumber (H . 
scabra ) only at a stocking density of five individuals/ m 2 without seaweeds. All experiments were run 
concurrently for 10 weeks. 

2.6. Seaweed and sea cucumber growth assessment 

I nformation on percentage survival of seaweed was collected throughouttheexperi mental period. M easurement 
of growth and determination of survival of H. scabra wasdoneafter every two weeks whilegrowth data of 
seaweedswererecorded after every six weeks. Initial weights of seaw eed weremeasured and recorded at the 
beginning and then weight data werecollected after 21 days. At the end of 42 days (two production cycles) 
seaweed biomass was measured to get final weight and weight gain was computed as the difference between 
initial and final weight. Specific Growth Rate(SGR) (%) was computed usingthefollowing formula: SGR = 
[(In 1/1/1 - In Wt 0 )/ t]x 100; w here 1/1/ 1 0 is the initial weight at t =0; and 1/1/1 is the weight at t cultivation days. 
Seaweed survival was calculated using the fol I owing formula; [(Total number of fronds remain during the 
cycle/ Number of fronds planted) xl00]. For sea cucumber weights were recorded every two weeks and before 
every measu rement the ani mal s w ere kept on the su rfacefor tw o mi nutes to al I ow them rel ease the w ater from 
the stomach (Slater and Carton, 2007). During weight measurement, the pens were also inspected to estimate 
survival of the ani mal in the pens. 

2.7. A ssessment of water quality parameters 

Surface SurfaceTemperature(SST) and salinity were recorded every day for lOweeks at different pointsinthe 
lagoon where theexperimentswereconducted. The measurements weretaken twice per day, in the morning 
and late afternoon. Four points were demarcated and measurements weretaken at the same time for both 
parameters(SST and salinity). 

2.8.0 rganic matter 

At the beginning of the experi ment, sediment samplefortheestimation of Total Organic Matter (TOM) were 
taken randomly from the surface (up to 3 cm depth) insideeach pen beforestocking sea cucumbers and then 
after eight weeks final sampling of sediment for TOM weretaken. Sediment samples were immediately 
transported to the laboratory at the Department of Soil and Geological Sciences, Sokoine University of 
AgricultureforTOM analysis. Analysis wasdone using theash method (Slater and Carton, 2009). 
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3. Results 

3.1. Water quality parameter 

Throughout the experimental period salinity ranged from 33to40%oand the average value was 37.2 ±L35%a 
The values for SST ranged from 27 to 30 °C with an average SST of 28.4 ±0.509 °C. 

3.2. G rowth and survival performance of sea cucumber and seaweeds 

The results revealed that the growth performanceof sea cucumber (H. scabra) was higher (mean final weight 
was 132.18 ±8.56 g) in pensco-cultured with seaweed (F. den ticu latum) than in pens without seaweeds (116.83 
±2.25 g). SGR was also found to be slightly higher (0.89 gd 1 ) in pens where sea cucumbers were integrated 
with E. denticulatum than in pens without E. denticulatum (0.731 gd- 1 ). Results for weekly weight gain of 
individual sea cucumber werefound to behigherin pens with E. denticulatum (99.84 ±8.55 g) than in pens with 
sea cucumber only (76.97 ±8.05 g). Individual weight differed (p =0.0151) between pens stocked with/-/, scbra 
and E. denticulatum and pens stocked withH. scabra only (Figure 2). 



Initial 

Weight 


Week 2 Week 4 Week 6 Week 8 Week 10 

Time 


SC with E. denticulatum 


SC without E. denticulatum 


Figure 2: Comparison of mean (±SD) weekly body weight of individual sea cucumber co-cultured with 
E. denticulatum and without £. denticulatum 


Similarly thesurvival of H. scabra was higher (80%) in pensin which it was co-cultured withF. denticulatum 
than in pens (76%) in which it was cultured without E. denticulatum. For the seaweed E. denticultum, both 
growth rate (7.31 gd^ 1 ) and survival (58.89%) were higher in pens withH. scabra than in pens withoutH. scabra 
( growth rate =6.801g d 1 and survival =56.67%). Flowever, the analysis of variance reveals no significant 
differences in growth rate among the treatments (F =2.81,p =0.144) (Figure3). 


The final biomass weight of H. scabra in pensco-cultured with/C. alvarezii was higher (140.76 ±10.16 g) 
compared to that recorded in pens (118.89 ±6.94 g) without K. alvarezii .SGR was also higher (1.038 gd 1 ) in 
penswith K. alvarezii than in penswithoutk. alvarezii (0.734 gd 1 ). Results for weakly measurements revealed 
slight variation in growth rate between co-cultured H. scabra (93.62 g ±10.16 g) and sea cucumber cultured 
withoutk. alvarezii (87.48 ±10.16g) (Figure4). Nosignificancedifferenceon growth was observed between the 
treatments (p =0.377). 

Thesurvival rate of H. scabra was higher (70%) in pens without k. alvarezii compared to 60% recorded in 
penswhereH. scabra was cultured withk. alvarezii. For the seaweed k. alvarezii, the mean biomass yield per 
pen was higher (2891.57 ±141.489 g) in penswith sea cucumber H. scabra compared to that observed in pens 
wherek. alvarezii was cultured withoutH. scabra (2782.77g ±176.84 g). SGR was higher in pens withH. scabra 
(8.04% d 1 ) than in pens withoutH. scabra (7.81% d' 1 ). Similarly thesurvival rate was higher (48.8%) in pens 
with H. scabra than in pens withoutH. scabra (46.6%). N o significant differencewas recorded between growth 
of seaweed k. alvarezii cultured with and without sea cucumber H. scabra (p =0.637) (Figure5). 
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Figure 3: M ean (±SD) final wet weight of E. denticulatum co-culture with H. scabra and without H.scabra in 
one harvest cycle of eight weeks 



Initial Week 2 
Weight 


Week 4 Week 6 

Time 


Week 8 Week 10 


With K. alvarezii 


Without K. alvarezii 


Figure 4: Comparison of average (±SD) weight gain of H. scabra co-cultured with K. alvarezii and H. scabra 
cultured in pens without 1C. alvarezii 


3.3. Total organic matter in thesediments 

The results show that the amount of organicmatter (OM) in the sediments was higher (3.11 ±0.01%) in pens 
stocked with seaweed K alvarezii only and significant higher OM was also recorded in pens with E. denticulatum 
(2.67 ±0.05%). Significant difference in OM was observed among pens with sea cucumber H. scabra only and 
those in which H. scabra was co-cultured with seaweed (K. alvarezii and E. denticulatum) (p =0.0015). Exception 
was observed in thesamples collected outsidethepenwheretherewasalmostnodifferencesinOM content 
throughout the experimental period (Tablel). 
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Figure 5: M ean (±SD) final wet weight of K. alvarezii co-culture with H. scabra and without H. scabra 


Table 1: Comparison of mean % (± SD) surface organic matter content before 
and after the experiment among different treatments 

Mean % Total Organic Matter (TOM ) in the Sediments 

Experimental 
Period (days) 

Outside 

Cultu red 

Pens 

E. Denticulatum 

Only 

K. alvarezii 

Only 

H. scabra 

Only 

H. scabra 

with 

E. dentculatam 

H. scabra 

with 

K. alvarezii 

Before 

2.505 ± 0.015 

2.505 ±0.025 

2.475 ± 0.015 

2.51 ±.04 

2.51 ±0.03 

2.425 ± 0.045 

After 

2.585 ± 0.035 

2.665 ± 0.045 

3.105 ±0.005 

2.37 ± 0.04 

2.45 ±0.01 

2.34 ±0.02 


4. Discussion 


Sea cucumber H. scabra can be co-cultured with commercial macroalgae as the results in thisstudy show that 
H. scabra performed better under integration with both seaweed species. A Ithough the growth performanceof 
H. scabra varied between the two seaweed species (\.e.,K. alvarezii and E. denticulatum), the observed growth 
and survival performancewhen they were integrated with thetwo seaweed provideevidencethat IMTA is 
suitablefor commercial production of seaweed and H. scabra. 

The higher growth and survival rateofH. scabra observed when they were co-cultured in penswithE. 
denticulatum correspondsto the result reported by Davisef al. (2011) and Beltran (2014). H igh survival rateof 
H. scabra was noticed in both integrated pens and nonintegrated pens, although therewas a slight different in 
survival of H. scabra in pens in which it was co-cultured with E. denticulatum. This finding indicates the 
ecological benefit of integration, as sea cucumber seems to benefit from the presenceof seaweed for shading 
(hibernation) and accumulation of organic matter which is the best food for H. scabra. Similar results for 
positi vegrowth of H. scabra and Eucheuma and Gracilaria sp was reported by H amel et al. (2001), M adeal i et al. 
(1993) and Tangko et al. (1993b). Although their results were obtained from open plyculturesystem, they 
correlate with the findings of the present study. High SGRof H. scabra observed when co-cultured with/C. 
alvarezii is also another positive step toward adoption of IMTA of H. scabra and commercial macroalgae in 
Zanzibar. Similar results were reported by Beltran (2012) when H. scabra was integrated with seaweed in 
closed cages under various stocking density. The highest performance in growth of H. scabra in pens with K. 
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alvarezii corresponds to the higher amount of organic matter recorded in penswhereK. alvarezii was cultured 
alone. The results suggest higher ability of K. alvarezii to trap organic matter in pens which could serve as 
sourceoffood forH. scabra. A Iso high survival rate of H. scabra in pen withK. alvarezii could be influenced by 
stocking density as reported by M ills etal. (2012) and Pitt and Duy (2004). These authors strongly recommended 
that special consideration should begiven on stocking density and suggested that better growth and survival 
performancecan be attained when cucumbers arecultured at rateof 30g per m 2 . Stocking size of individual sea 
cucumber seemed to have positive i impact on survival rate of H . scabra i n pens. H amel et al . (2001) observed that 
small and medium sized individuals actively remain in the sand in the intertidal water until they attain large 
size and move to deeper water. 

Results show that H. scabra co-cultured with seaweed has slight effect on the growth of both species of 
seaweed. The observed higher growth of both E. denticulatum and K. alvarezii when co-cultured withH. scabra 
shows the potential of H. scabra as nutrient distributer dueto its burrowing and feeding behavior (Wolkenhauer 
etal., 2010). However, the effect of nutrients recirculation and availability to the adjacent animal, in this case 
macroalgae, depend on the number of sea cucumber in a particular area. H igher growth results could have 
been obtai ned if stocki ng density was kept higher i n the pens. Water parameter d uri ng the experi mental peri od 
could also be a reason for low effects of H. scabra on the growth of seaweed. M suya and Porter (2014) observed 
that opti mal growth of seaw eed can be obtai ned at 23 -30 °C, and growth d eel i nes at the temperatu re bel ow 20 
°C and above 30 °C. The lowest survival of seaweed, specifically K. alvarezii could be due to the effect of season 
as the experi ment w as cond ucted d u ri ng the rai ny season w hen water temperatu re and sal i ni ty i n the I agoon 
was very low and varied significantly during the experimental period. Msuya (2013) and Beltran (2014) 
reported that cultured seaweed are affected greatly by environmental parameters and seasons. 

Results show that both seaweed species increased TOM in the area, but K. alvarezii performed better in 
comparison to E. denticulatum. This could bedueto the nature and growth behavior as well as morphological 
structureof K. alvarezii which traps sediments and deposit them underneath it. Variation in TOM in terms of 
percentagein pens in which H. scabra was culture with both/f. alvarezii and E. denticulatum revealed thefeeding 
nature of H. scabra. Thus, IMTA with seaweed could give a positive growth and survival of H. scabra under 
mariculturesystems. This experi ment which aimed at comparing the growth and survival of H. scabra when co- 
cultured with commercial seaweed under pens system revealed positive effects of IMTA intheUngujallkuu 
intertidal lagoon,Zanzibar.The farming of both species of seaweed gives good results, although the integration 
of H . scabra w ith K. alvarezii results i n better performance i n terms of growth and survival. Thesed i ment results 
observed when sea cucumber integrated withK. alvarezii can betaken as an advantage to farmer to improve 
nutrient deposition along theintertidal areawhich isthebestfood for sea cucumber. 

5. Conclusion 

Based on the results obtai ned duringthisstudy, co-culturingof seacucumber and seaweed is highly possible 
and profitable along the coast of Tanzania. However, this study considered only the interaction between 
species and growth, there is still room for further study to investigate theeffect of stocking density and sizeof 
the sea cucumber to be stocked. 
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